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We, Bolkow GmbH, a Company organ- 
ised and existing under the laws of Western 
Germany, of Ottobrunn bei Miinchen, 8 
Miinchen 8, Western Germany, do hereby 
declare the invention for which we pray that 
a Patent may be granted to us, and the 
method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — 

This invention relates to a directional 
aerial for flying bodies, such as missiles 
which are automatically controlled or air- 
craft, which aerial is particularly suitable 
for use in the cm and mm wavelength range. 

Known directional aerials which are 
mounted in the nose of a flying body are 
aerodynamically faired with a so-called 
radome, as the directional aerials are com- 
pletely unsuitable as the nose of a flying 
20 body. A radome of this type, however, must 
consist of a dielectric and, for strength, have 
a certain minimum wall thickness. Apart 
from the additional weight this means that 
the electromagnetic radiation when passing 
23 through the radome, is attenuated and re- 
fracted. If the directional aerial forms part 
of a radar system, for example, difraction 
reduces the measuring accuracy and results, 
in an apparent angular change in the direc- 
30 tion of a target, as the degree and the direc- 
tion of the refraction are not constant over 
the entire radome. Furthermore, reflections 
take place within the radome which in- 
fluence the transmitting frequency and in- 
35 crease the side lobe radiation. The material 
normally used for radomes has a dielectrical 
constant e of between 4 and 7 and a loss 
angle, tan 8, of about 0.02. These constants, 
however, are extremely unfavourable for the 
40 purpose in view. (Cf. "Airborne Radar", 
1960, pp. 531-535). 

The object of this invention is to provide 
a directional aerial for flying bodies wibich 
{Price 4s. 6dJ 
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will not require a radome for protection 
against atmosphere or for its aerodynamic 45 
fairing. 

Dielectric lens-type aerials are known, 
of which the shape, as is known, is plano- 
convex in the case of the so called retarda- 
tion lenses and plano-concave in the case of 5(* 
so called acceleration lenses (cf. "Taschen- 
buch der HocMrequenztechnik" fUF. 
Technique Handbook"), Meincke/Gundlach, 
published by Springer, 1962, pp. 609-611; 
"Bell Laboratories Record", Kock, May 55 
1956, pp. 193 et seq; Proceedings IRE Nov- 
ember 1946, pp. 828 et seq; Aug, 1949, pp. 
852 et seq). Generally in such lens-type 
aerials the feed side, i.e. 'the side facing the 
emitter, has a curved surface. This simpli- 
fies the calculations for the curvature of the 
lens and enables the thickness to be kept 
small, a very important point in view of 
the saving in weight which can thus be 
achieved in the case of lens-type aerials , of 65 
large diameter. 

According to this invention there is pro- 
vided a directional aerial for flying bodies, 
particularly for use in <thc cm and inm wave- 
length range; comprising a primary horn 70 
radiator and an axially symmetrical dielec- 
tric retardation lens having a non-convex 
surface facing the primary radiator, the focal 
length and refractive index of the lens being 
such that the other surface of the lens forms 75 
the nose of the flying body. 

The retardation lens of the directional 
aerial according to the invention receives 
radiation at the plane or concave side. This 
results in a lens of greater thickness with a 
considerable degree of curvature, which is 
readily formed as part of the air frame of a 
flying body, provided the speed of the latter 
remains in the subsonic or lower supersonic 
range. This surprisingjy simple method en- 
ables a radome to be dispensed with. The 
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increase in the weight of the lens type aerial 
KTkind is of no great ^portanc^ smce 
the large and heavy radome hitherto re- 

5 qU Z d £A£r S ytS^™« be pivoted 

5 mihaScally!^ •fffttS 
reflector aerial system, inside f radome the 
main direction of radiation of the aerial in 
Sol S Tts axis is pivoted dettoon^ 

10 H the main direction of radiation of the 
directional aerial is inclined I with respect to 
Aetonsitudinal axis of the flying body, then 
S?a^ motion of a flying body about its 
SSudmal ^ can be used for scanning 

i s the area in the direction of flignt. . 

15 In a further development of the mvention 
the^nvex part of the ^ retardation l ten s 
which part acts as a radome, is prodded 
with a harder dielectric coating which forms 

20 of Helens, as a protection against 
The nrhnary emitter used is preferawy 
a nynlmmXped horn which extends sub- 
ttSS to the rear edge of *e retardafcon 
tens, in order to keep s.de lobes as small as 

25 PC Se le dielectric constant and thus die re- 
fraSon ind« of the retardation lens * kept 
3 ^ possible with sufficient mechan.- 
cai strength in the lens material. 

30 fS details of the invention will be 
aooarent from the following description 
fKIn conjunction with the accompanymg 

drawings. In the drawings:— 

Figure 1 shows a known lens type direc- 

* 5 ^Ffi^sbows one form of directional 
aerial in accordance with the invention; 

Fisruxe 3 shows another form of a drrec- 
tionalaerial in accordance with the mven- 

40 ^Hg^S 4 shows a directional aerial in 
accordance with the invention provided with 
a nwans for deviating the radiation elec- 

45 ""S^'known type of directional aerial 
45 sh£wn in Figure 1. a bom-tvpe^d.amr JLO 
is provided, the convex side llo of a aieiec 
Retardation lens 11 faced towards the 
radiator A retardation lens of this type 
!f Ahriractferisad by a small thickness, d. 
30 ,S Se&oJ'direcdonal aerial according 
to the mvention, as shoWn in Figure 2. a 
nrirn^v radiator 20 which is for example a 
S^,rradiator. faces towards a dielectric 

can form the nose of afl^todv 'irg 
craft. This involves an increase A the_ fliiCK 
d of the retardation lens and thus £ 
wefeht, although these increases, as^aheady 
65 deXed!lre of no disadvantage. The de- 



„ «f curvature required in the external 

»«,;H*r is calculated tfirom known laws, 
Ste/'focallStns resulting in a thicker 



As shown in Figure 3, a primary emitter 75 
30% iovided which faces a ^e^ade 

the curvature of me axmlly synmi ^ 

f ^ rmS nH ^ elnp« arthe outlet side 31fc. 80 
S5 enStt" lo'ettSds apptoxima^y to 

^ order toprot^the -£-^1 90 

j- i J££ epiected to ensure that it will have 
no SSSffSftf « the properties of ft. . . 
retardation lens. Arable for the 95 . 

of radiation can only be pivoted oy eicv 

"USSStfn Figure 4, , V^ff^t 
40 towards which the plane ad© 41a or a 

SrtaMd A deviation oi tils fand <W to 115 
SSrf out both io tl» E-wvo ptooo *-d » 

"t^ '..i? dSonon ol radiation' of thj 

«&*S abbot to long.- 1J5 
gS ^^52A-*S"- d .< 130 
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the retardation lens, special strength pro- 
perties, such as those required in the case 
of a radome, are not necessary, so that the 
material can be selected from a purely elec- 
5 trical point of view. In this connection 
a small dielectric constant must be aised, 
as the lens thickness d then increases and 
the reflections on the limiting surfaces of 
the lens remain small. If the lens is made, 

30 for example, of a p.tle. plastic known as 
TEFLON (a Registered Trade Mark), a 
dielectric constant c of 2.1 will be accom- 
panied by a very favourable refraction index 
n= Ve=L45 : The loss angle tan 8=2 X i0~ 4 

15 of this material is two powers more favour- 
able than that of the materials usually used 
for radomes. Calculations have shown that 
with this loss angle Hhe internal losses of a 
retardation lens of this kind can be dis- 

20 regarded. 

WHAT WE CLAIM IS:— 

1 . Directional aerial for flying bodies, par- 
ticularly for use in the cm and mm wave- 
length range, comprising a primary horn 

25 radiator and an axially symmetrical dielec- 
tric retardation lens having a non-convex 
surface facing the primary radiator, the focal 
length and refractive index of -the lens being 
such that the other surface of the lens forms 

30 the nose of the flying body. 

2. Directional aerial in accordance with 
Gaim 1. wherein a means is provided for 



deviating die direction of radiation. 

3. Directional aerial in accordance with 
Claim 1 or 2, wherein the flying body rotates 35 
about its longitudinal axis and the main 
direction of radiation from the directional 
aerial is inclined with respect to the longi- 
tudinal axis of the flying body. 

4. Directional aerial in accordance with 40 
any one of the Claims 1 to 3, wherein the 
convex part of the retardation lens, which 
forms the nose of the flying body, is pro- 
vided with a harder dielectric coating in- 
tegral with the lens. 45 

5. Directional aerial iii accordance with 
any one of Claims 1 to 4, wherein €he pri- 
mary radiator is a pyramid-shaped horn 
which extends to the rear edge of the lens. 

6. Directional aerial in accordance with 50 
Claims 1 . to 5, wherein the lens is of a 
material having a small dielectric constant 

the lens -thus having a small refractive 
index. 

7. Directional aerial substantially as 55 
herein described with reference to Figures 

2. 3 or 4 of the accompanying drawings. 

B.T.KING, 
Registered Patent Agent, 
146a, Queen Victoria Street, 

London, E.CA 
Agents for libe Applicants: 
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I SHEET This drawing is a reproduction of 
the Original on a reduced scale. 
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